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SENSOR DEVICE AND OUTPUT CHARACTERISTIC SWITCHING METHOD OF 

SENSOR DEVICE 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is based upon, claims the benefit of 
priority of, and incorporates by reference the contents of 
Japanese patent Application no. 2002-304669 filed October 18, 
2002 . 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

The present invention relates to a sensor device and an 
output characteristic switching method of the sensor device. 

DESCRIPTION OF THE RELATED ART 

A conventional pressure sensor device generally has one 
appropriate range with respect to the pressure range of a 
measured object. 

However, for example, when the pressures of different 
ranges are detected with high accuracy at the time of a leak 
inspection executed in a sensor arrangement and the actual using 
time of the sensor device actually used in a system, the 
difference in the pressure of a measured object is large. 
Therefore, it is necessary to have two ranges in one sensor 
device. 

in the pressure sensor device for coping with plural ranges, 
as shown in Fig. 10, upper and lower limit voltages are set 
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in the relation of a pressure value and an output voltage and 
a returning operation is performed plural times therebetween. 
Thus, the pressure can be detected in the same resolution as 
small pressure even in the case of large pressure. 

Otherwise, as shown inFig. 11, a reference voltage setting 
terminal is arranged, and an analog voltage is inputted from 
an external device (a microcomputer, etc.)- Thus, as shown 
in Fig. 12, characteristic lines every reference voltage are 
switched, and the pressure of a wide range can be detected in 
the same resolution. 

However, in the case of Fig. 10, no actual pressure can 
be distinguished from the sensor output. Therefore, a problem 
exists in that there is a limit of the use. Namely, since the 
pressure value is indefinite from only the output voltage, it 
is necessary to specify the pressure value by further using 
another information from an external device (microcomputer, 
etc.). Further, in the cases of Figs . 1 1 and 12 , problems exist 
in that a DA converter is required in the external device 
(microcomputer, etc. ) to set the reference voltage, and it is 
necessary to increase the number of dedicated wirings ( reference 
voltage lines) by one. 

SUMMARY OF THE INVENTION 

The present invention is made under such a background, 
and its object is to be able to easily detect the value of a 
measured object while the output characteristics are switched . 

In accordance with the output characteristic switching 
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method of the sensor device of an aspect according to the 
invention, at least a terminal for receiving the supply of a 
power voltage or outputting a detecting signal is functionally 
changed to a terminal for inputting a signal from the exterior. 
In this state, an external command signal is fetched through 
this changed terminal and output characteristics are switched. 
Thus, in comparison with the conventional case, the output 
characteristics are switched without increasing the number of 
wirings (terminals ) . As a result, the value of a measured object 
can be easily detected while the output characteristics are 
switched. 

In another aspect according to the invention, when the 
above external command signal is a digital signal, it is not 
necessary to use a DA converter in comparison with the 
conventional case (Figs, 11 and 12), which is practically 
preferable. 

Further, in accordance with further aspects of the 
inventions as the sensor device, when the voltage value in the 
terminal is monitored by the terminal function changing device 
and is dislocated from a predetermined range , the predetermined 
terminal is functionally changed to a terminal for inputting 
an external signal. After the predetermined terminal is 
changed to the terminal for inputting the external signal, an 
external command signal is fetched through the changed terminal 
and the output characteristics are switched by the output 
characteristic switching device . Thus , in comparison with the 
conventional case, the output characteristics are switched 
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without increasing the number of wirings (terminals), As a 
result, the value of the measured object can be easily detected 
while the output characteristics are switched. 

In a further aspect according to the invention , when the 
above external command signal is a digital signal , it is not 
necessary to use a DA converter in comparison with the 
conventional case (Figs. 11 and 12), which is practically 
preferable . 

Further areas of applicability of the present invention 
will become apparent from the detailed description provided 
hereinafter. it should be understood that the detailed 
description and specific examples, while indicating the 
preferred embodiment of the invention, are intended for purposes 
of illustration only and are not intended to limit the scope 
of the invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. l is a block, diagram of the sensor device according 

to a first preferred embodiment. 

Fig. 2 depicts a characteristic graph showing the 

relationship between pressure and output voltage. 

Fig . 3 is a time chart for explaining operation of a sensor 

device. 

Fig. 4 is a block diagram of the sensor device according 
to a second preferred embodiment - 

Fig- 5 is a time chart for explaining the operation of 
a sensor device. 
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Pig. 6 is a block diagram of the sensor device according 
to a third preferred embodiment. 

Fig. 7 is a time chart for explaining the operation of 
a sensor device. 

Fig* 8 is a block diagram of the sensor device according 
to a fourth preferred embodiment. 

Fig. 9 is a time chart for explaining the operation of 
a sensor device. 

Fig, 10 is a characteristic graph showing the relation 
between pressure and output voltage for a related art device. 

Fig. 11 is a schematic diagram of a related art reference 
voltage setting terminal. 

Fig. 12 is a characteristic graph showing the relation 
between pressure and output voltage for a related art device. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
The following description of the preferred embodiment ( s ) 
is merely exemplary in nature and is in no way intended to limit 
the invention, its application, or uses. 
(First embodiment mode) 

Referring to the block diagram of Fig. 1, a first preferred 
embodiment of the system will be discussed. This system has 
a pressure sensor device 1. This pressure 6ensor device 1 
mutually communicates with a microcomputer 20 for controlling 
the entire operation of the system. 

The pressure sensor device 1 has a sensing element 2, 
a sensor adjusting circuit 3, an input-output control circuit 
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4, a selector 5 f memory 6 for an adjustment, a range control 
circuit 7, an input-output terminal 8, a positive power source 
terminal 9 and a negative power source terminal 10. A high 
voltage side power source terminal (VDD) is connected to the 
positive power source terminal 9 , and the negative power source 
terminal 10 is connected to the ground. Namely, the pressure 
sensor device 1 receives the supply of a power voltage VDD. 
The high voltage side power voltage VDD is set to 5 volts. 
Further , the microcomputer 2 0 is connected to the input-output 
terminal 8 of the pressure sensor device 1. Further, the high 
voltage side power source terminal (VDD) is connected to the 
microcomputer 20. 

In the pressure sensor device 1, the sensing element 2 
is preferably implemented by a semiconductor pressure sensor 
such as a Pie20 resistance type, etc., and outputs an analog 
signal according to a detected pressure. More specifically, 
for example, the semiconductor pressure sensor of the Piezo 
resistance type has a diaphragm (thin wall portion) formed in 
a silicon substrate by micro machining processing, and a Piezo 
resistance gauge formed in this diaphragm by impurity diffusion. 
Here, the analog signal in the sensing element 2 is generally 
a small s ignal and has temperature characteristics and an offset . 
Further, thesemay have error factor resulting from, forexample, 
individual product variation. 

The sensor adjusting circuit 3 inputs the analog signal 
according to the pressure from the sensing element 2, and makes 
offset, temperature characteristic adjustments, etc. in 
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addition to amplification processing. Concretely, in the 
sensor adjusting circuit 3, the analog signal is amplified, 
and the error factor of the analog signal provided by the sensing 
element 2 is changed to a predetermined pressure function 
according to a specification. Data relating to this processing 
are stored to the memory 6 for an adjustment. At a sensing 
operation time, the data of the memory 6 for an adjustment are 
sent to the sensor adjusting circuit 3 through the selector 
5, and processing (adjustment) according to this data is 
performed in the sensor adjusting circuit 3. A nonvolatile 
memory such as an EPROM, etc., a fuse, etc. are used in the 
memory 6 for an adjustment. 

The input-output control circuit 4 is connected to the 
sensor adjusting circuit 3 and the input-output terminal 8. 
At a detecting signal output mode time, the input-output control 
circuit 4 inputs the analog signal ( analog voltage signal ) from 
the sensor adjusting circuit 3 and sends this analog signal 
to the input-output terminal 8. Namely, the input-output 
control circuit 4 outputs a detecting signal obtained by a change 
in voltage component from the input-output terminal 8. 

The range control circuit 7 is connected to the 
input-output control circuit 4. The input-output control 
circuit 4 further monitors the voltage value in the input-output 
terminal 8. When a sensor device side input waiting mode 
described later is attained on the basis of this voltage monitor, 
the range control circuit 7 fetches digital data sent from the 
microcomputer 20 through the input-output terminal 8 and the 
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input-output control circuit 4. The range control circuit 7 
then selects the data of the memory 6 for an adjustment according 
to the range provided by the digital data through the selector 
5. 

Fig. 2 shows the range in the pressure sensor device 1, 
i.e., output characteristics (Ll, L2), and also shows the 
relation of the pressure and the output voltage. The 
characteristic lines Ll , L2 are represented by linear functions . 
In the characteristic lines Ll, L2, both intercepts are p, and 
the inclination 8 of the characteristic line Ll is 61, and the 
inclination 0 of the characteristic line L2 is 02 (< 01) . when 
the data sent from the microcomputer 20 is "00" in binary number , 
low pressure can be detected by using the characteristic line 
Ll . Further, when the data sent from the microcomputer 20 is 
"01" in binary number, high pressure can be detected by using 
the characteristic line L2 . 

The operation of the pressure sensor device 1 will next 
be explained. 

Fig. 3 is a time chart for explaining this operation- 
The axis of ordinate shows the voltage at the input -output 
terminal 8 of Fig- 1, and the axis of abscissa shows time. 

In Fig. 3, when the high pressure side power voltage VDD 
= 5 volts is set, the output operation of a detected signal 
is performed in a period (detecting signal output operating 
mode) of to to tl r and the result sensed in a range from 1 volt 
to 4 volts is outputted as an analog voltage value. Namely, 
the terminal 8 is used as a signal output terminal. 



8 



At the timing of tl, the microcomputer 20 compulsorily 
sets the voltage of the input-output terminal 8 of Pig. l to 
5 volte. The input-output control circuit 4 detects this 
voltage by using a comparator, etc., and changes from the 
detecting signal output operating mode to a sensor device side 
input waiting mode, in a period of tl to t2 of Fig. 3, the 
input-output control circuit 4 performs an operation for 
changing a terminal function, and changes the function of the 
terminal 8 from the signal output terminal to a signal input 
terminal. Namely, the input-output terminal 8 is set to an 
input waiting state and the sensor output is interrupted. 

Thereafter, in a period of t2 to t3 of Fig. 3, the range 
control circuit 7 executes a data fetch operation. Namely, 
the range control circuit 7 fetches range selecting data (a 
digital signal for determining the range) of two bits sent from 
the microcomputer 20 through the terminal 8. in the range 
selecting data of two bits, the L-level is set to zero volt 
and the H-level is set to 5 volts. In the period of t2 to t3 
of Fig. 3, it shows a case in which "01" in binary number is 
inputted. Thus, the pressure sensor device 1 inputs the range 
selecting data by using the digital signal by means of serial 
communication with the microcomputer 20. 

Then, the contents of the digital signal from the 
microcomputer 20 are discriminated in the range control circuit 
7. 

In a period of t3 to t4 of Fig. 3 , the range control circuit 
7 performs a switching operation to the characteristic lines 
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( ranges ) LI , L2 requested from the microcomputer 20 by the data 
from the microcomputer 20. 

Concretely, the range control circuit 7 reads required 
data among the data in the memory 6 for an adjustment through 
the selector 5 so as to set a sensor output in the range requested 
from the microcomputer 20 , and changes the connecting state 
of an analog circuit (OP amplifier, etc.) within the sensor 
adjusting circuit 3. For example, the range control circuit 
7 changes the gain of an amplifying circuit. A method for 
dividing a memory area into every range and reading only an 
object area may be also used except for the selecting method 
using the selector 5. 

When the range is switched, the sensor device side input 
waiting state is released in timing of t4 of Fig . 3 . Thereafter, 
the detecting signal output operating mode is set and the output 
operation of the detecting signal is performed and the analog 
voltage according to the pressure is outputted from the terminal 
8. Namely, the result sensed in the range from 1 volt to 4 
volts is outputted as an analog voltage value. 

Thus , the pressure can be detected in plural ranges without 
increasing the number of DA converters and wirings. 
Accordingly, the pressure detection can be performed in the 
plural ranges at low cost. 

This embodiment mode has the following features as 
mentioned above, 

(A) As the output characteristic switching method of the 
pressure sensor device, in the period of tl to t2 of Fig. 3, 
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the terminal 8 for outputting the detecting signal is 
functionally changed to a terminal for inputting a signal from 
the exterior. In this state, in the period of t2 to t3 of Fig. 
3, the range selecting data as an external command signal is 
fetched through this terminal 8, In the period of t3 to t4 , 
the output characteristics (ranges) are switched. Thus, in 
comparison with the conventional case, the output 
characteristics (ranges) are switched without increasing the 
number of wirings (terminals). Further, since the used range 
is known in the microcomputer 20, the pressure value can be 
specified from the detecting signal (output value) of the 
pressure sensor device 1 . Thus , the value of a measured object 
can be easily detected while the output characteristics ( ranges ) 
are switched. 

Since the range selecting data as the external command 
signal is a digital signal, it results in the advantage of 
eliminating the requirement to use a DA converter in comparison 
with the conventional case (Figs. 11 and 12). 

The function of the terminal ( 9 ) for power voltage supply 
may also be changed to a terminal for an external signal input 
instead of the construction that the function of the terminal 
(8) for the detecting signal output in Fig. 1 is changed to 
the terminal for the external signal input (a detailed 
explanation will be made in a fourth embodiment mode using Fig. 
8) * In short, it is sufficient to functionally change at least 
the terminal for receiving the supply of the power voltage or 
outputting the detecting signal to a terminal for inputting 
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a s ignal from the exterior , and fetch the external command signal 
through this changed terminal in this state and switch the output 
characteristics . 

(B) The terminal 8, the terminal function changing device 
( input-output control circuit 4 ) and the output characteristic 
switching device (range control circuit 7) are arranged as the 
pressure sensor device. The terminal 8 outputs the detecting 
signal provided by a change in voltage component, when the 
voltage value in the terminal 8 is monitored and dislocated 
from a predetermined range, the terminal function changing 
device functionally changes this terminal 8 to a terminal for 
inputting an external signal. After the terminal 8 is changed 
to the terminal for inputting the external signal, the output 
characteristic switching device fetches the external command 
signal through this terminal 8 and switches the output 
characteristics. Thus, the method of (A) can be embodied. 

in Fig. 2, in the ranges (characteristic lines LI , L2 ) 
as the output characteristics, the inclinations 
(sensitivities) 0 of linear functions are set to be different 
from each other. instead of this, the intercepts (offset 
voltages) p of linear functions may also be set to be different 
from each other in the ranges (characteristic lines LI, L2). 
Fig. 2 shows the case that the two characteristic lines LI, 
L2 (two ranges) are used. However, more characteristic lines 
LI, L2 (ranges) may be also set. 
(Second embodiment mode) 

A second preferred embodiment will now be explained with 
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emphasis on the differences between the first and second 
embodiments . 

Fig. 4 shows the construction of a system in this 
embodiment mode instead of Fig. 1. Fig. 5 shows a time chart 
in this embodiment mode instead of Fig. 3. 

In the first embodiment mode, the pressure sensor device 
of the three-terminal structure using the analog voltage as 
a sensor output is embodied. However, in this embodiment mode, 
the pressure sensor device of a two-terminal structure using 
an analog electric current as the sensor output is embodied. 

In Fig. 4, the pressure sensor device 1 has a terminal 
30 and a negative power source terminal 10. Further, a 
microcomputer 20 is connected to the terminal 30 of the pressure 
sensor device 1. A high voltage side power source terminal 
(VDD) is connected to the microcomputer 20, and the high voltage 
side power voltage VDD is set to 10 volts. The negative power 
source terminal 10 is connected to the ground. 

The terminal 30 is a terminal for receiving the supply 
of a power voltage from the microcomputer 20 , and outputting 
a detecting signal provided by a change in electric current 
component to the microcomputer 20. Namely, a pressure value 
sensed through the terminal 3 0 is outputted by an analog electric 
current from the pressure sensor device 1 to the microcomputer 
20. 

The operation of the pressure sensor device 1 will next 
be explained by using the time chart of Fig. 5. The axis of 
ordinate of Fig. 5 shows the voltage at the terminal 30 of Fig. 
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4 . 

When the high voltage side power voltage VDD - 10 volts 
is set, a detecting signal output operation is performed in 
a period of tlO to til of Fig, 5 and the result sensed in a 
range from 2 volts to 8 volts is outputted as the analog electric 
current . 

When the timing of til of Fig. 5 is attained, the 
microcomputer 20 compulsorily sets the voltage of the terminal 
30 of Fig. 4 to 10 volts. In the pressure sensor device 1, 
the input-output control circuit 4 as a terminal function 
changing device monitors the voltage value in the terminal 3 0, 
and detects this change, i.e., that the voltage value of the 
terminal 30 is dislocated from a predetermined range. The 
input-output control circuit 4 switches to a sensor device side 
input waiting mode from the detecting signal output operating 
mode. Further, in a period of til to tl2 of Fig. 5, the 
input-output control circuit 4 performs an operation for 
changing the terminal function, and functionally changes the 
terminal 3 0 to a terminal for inputting an external signal from 
a signal output terminal. Namely, the terminal 30 is set to 
an input waiting state and the sensor output is interrupted. 

After the terminal 3 0 is changed to the terminal for 
inputting the external signal, the range control circuit 7 as 
an output characteristic switching device executes a data fetch 
operation in a period of tl2 to tl3 of Fig. 5. Namely, the 
range control circuit 7 fetches range selecting data (external 
command signal) of two bits sent from the microcomputer 20 
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through the terminal 30. in the range selecting data of two 
bits, the L-level is set to 5 volts and the H-level is set to 
10 volts. In the period of tl2 to tl3 of Fig. 5, it shows a 
case in which "01" in binary number is inputted. 

The range control circuit 7 changes (switches) the output 
characteristics, i.e., the characteristic lines (ranges) LI, 
L2 by this data from the microcomputer 20 in a period of tl3 
to tl4 of Fig. 5. 

Thereafter, the sensor device side input waiting state 
is released in the timing of tl4 of Fig. 5. After that, a 
detecting signal output operatingmode is attained and a pressure 
detecting operation is performed in a state in which the ranges 
are switched. The result sensed in a range from 2 volts to 
8 volts is outputted as an analog electric current value. 

Thus, a high voltage is supplied from the microcomputer 
20 side in the timing of til of Fig. 5 so that this high voltage 
is discriminated within the pressure sensor device 1, and the 
sensor device side input waiting mode is set. Digital data 
is constructed by changing the supply voltage from the 
microcomputer 20 to the pressure sensor device 1 at a binary 
value. After the range setting is completed, the consumed 
electric current is changed in accordance with the pressure, 
and is sent to the microcomputer 20 side by performing electric 
current communication. 
(Third embodiment mode) 

A third preferred embodiment will now be explained with 
emphasis on the differences between the first and third 
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embodiments . 

Fig. 6 shows the construction of a system in this 
embodiment mode instead of Fig. 1. Fig. 7 shows a time chart 
in this embodiment mode instead of Fig. 3. 

As shown in Fig. 6, a high voltage side power source 
terminal (VDD) is connected to a microcomputer 20. The high 
voltage side power voltage vdd is set to 5 volts. A first 
terminal (positive power source terminal) 40 in the pressure 
sensor device 1 is a terminal for receiving the supply of a 
power voltage, and is connected to the microcomputer 20. A 
second terminal (input-output terminal) 41 in the pressure 
sensor device 1 is a terminal for outputting a detecting signal 
provided by a change in voltage component, and is connected 
to the microcomputer 20. 

The axis of ordinate of Fig. 7 shows the voltage at the 
first terminal (positive power source terminal) 4 0 and the 
voltage at the second terminal (input-output terminal) 41 of 
Fig. 6. 

In a period of tO to tl of Fig. 7 , the pressure sensor 
device 1 performs a detecting signal output operation while 
the pressure sensor device 1 receives the supply of 4 volts 
as the power voltage from the microcomputer 20 through the first 
terminal (power source terminal) 40. At this time, an analog 
voltage is outputted as the detecting signal from the second 
terminal (input-output terminal) 41 to the microcomputer 20. 

Thereafter, in the timing of tl of Fig. 7, the 
microcomputer 2 0 changes the voltage of the f irs t terminal ( power 
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source terminal) 40 from 4 volts set so far to 5 volts- The 
input-output control circuit 4 as a terminal function changing 
device of Fig. 6 monitors the voltage value in the first terminal 
(power source terminal) 40. When the voltage value is 
dislocated from a predetermined range by changing the voltage 
value from 4 volts to 5 volts, the input-output control circuit 
4 functionally changes the second terminal (input-output 
terminal) 41 to a terminal for inputting an external signal 
in a period of tl to t2 . 

After the second terminal 41 is changed to the terminal 
for inputting the external signal, the range control circuit 
7 as an output characteristic switching device fetches range 
selecting data of two bits through the terminal 41 in a period 
of t2 to t3 of Fig. 7 , and changes the ranges in a period of 
t3 to t4 . Namely , the range control circuit 7 fetches an external 
command signal and switches the output characteristics. 

In the range selecting data of two bits, the L-level is 
set to 0 volt and the H-level is set to 5 volts. In a period 
of t2 to t3 of Fig. 7, it shows a case in which 0 1 in binary 
number is inputted. 

Thereafter, in timing of t4 , the microcomputer 2 0 returns 
the voltage of the first terminal (power source terminal) 4 0 
to 4 volts. Thus, the sensor device side input waiting state 
is released. The detecting signal output operation is 
performed after t4 . 
(Fourth embodiment mode) 

A fourth preferred embodiment will now be explained with 
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emphasis on the differences between the first and fourth 
embodiments. 

Fig. 8 shows a block diagram of the system according to 
the fourth embodiment. Fig* 9 shows a corresponding 
operational time chart. 

As shown in Fig. 8, a high voltage side power source 
terminal (Vdd) is connected to a microcomputer 20, and a high 
voltage side power voltage VDD is set to 10 volts* A first 
terminal (positive power source terminal) 50 in the pressure 
sensor device 1 is a terminal for receiving the supply of a 
power voltage, and is connected to the microcomputer 20. A 
second terminal (output terminal) 51 in the pressure sensor 
device 1 is a terminal for outputting a detecting signal provided 
by a change in voltage component , and is connected to the 
microcomputer 2 0 - 

The axis of ordinate of Fig* 9 shows the voltage at the 
first terminal (positive power source terminal) 50, and the 
voltage at the second terminal (output terminal) 51 of Fig. 
8. 

In a period of to to tl of Fig. 9, the pressure sensor 
device 1 performs the detecting signal output operation while 
the pressure sensor device 1 receives the supply of 5 volts 
as the power voltage from the microcomputer 20 through the first 
terminal (power source terminal) 50. At this time, an analog 
voltage is outputted as the detecting signal from the second 
terminal (output terminal) 51 to the microcomputer 20. 

Thereafter, in the timing of tl of Fig. 9, the 
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microcomputer 2 0 changes the voltage of the first terminal ( power 
source terminal) 50 from 5 volts to 6 volts. The input-output 
control circuit 4 as a terminal function changing device of 
Fig. 8 monitors the voltage value in the first terminal (power 
source terminal ) 50 . When the voltage value is dislocated from 
a predetermined range by changing the voltage value to 6 volts, 
the input-output control circuit 4 functionally changes the 
first terminal 50 to a terminal for inputting an external signal 
in a period of tl to t2. 

After the first terminal 50 is changed to the terminal 
for inputting the external signal, the range control circuit 
7 as an output characteristic switching device fetches range 
selecting data of two bits through this terminal 50 in a period 
of t2 to t3, and changes the ranges in a period of t3 to t4 . 
Namely, the range control circuit 7 fetches an external command 
signal and switches the output characteristics. 

in the range selecting data of two bits, the L-level is 
set to 4 volts , and the H-level is set to 6 volts . In the period 
of t2 to t3 of Fig. 9, it shows a case in which "01" in binary 
number is inputted. 

Thereafter, in the timing of t4, the microcomputer 20 
returns the voltage of the first terminal ( power source terminal ) 
50 to 5 volts. Thus, the sensor device side input waiting state 
is released. The detecting signal output operation is then 
performed after t4. 

The description of the invention is merely exemplary in 
nature and, thus, variations that do not depart from the gist 
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of the invention are intended to be within the scope of the 
invention . Such variations are not to be regarded as a departure 
from the spirit and scope of the invention. 
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